
&

I‘k --— _ .
—-—

NATIONALADVISORY
FORAERONA[

TECHNICALNOTE

No. 1418 ‘

20 Wi 1947

INVESTIGATIONOF THEPRESSURE-LOSSCHARACTERISTICS

OF

Langley

A TURBOJETINLETSCREEN

ByJohnL. Lankford

MemorialAeronautical
LangleyField, Va.

Washington
September1947

..—.-



NATIONALADVISORYCOMMITTEE

TECRNIMLNOTENO.

FORAERONAUHCS

1418

INVE91WATIONOFTHEPRES9UREXOSSCHARACTERISTI@3

OFATURBOJ&INLETSCREEN ‘.

ByJohnL.LanHord . .

SUMMARY

Resultsarepresentedof aninvestigationtodeterminethe
static-pressurelossesandtotal-pressuredistributionsofa
turbo~etinletscreen.Thescreenwhichconsistsof31circular
vanes,supportedby12radialstruts,wastestedintwoconfigurations:
onehavingthevaneleadingedgessquareandroughandtheother
havingthevaneleadingedgesrounded.Theresultsoftheinvesti-
gationindicatethatpressurelossesincreaserapidlywithincreasing
weightflow,andslightradialandcircumferentialvariationsare
presentdownstreamofthescreen.Theroundingofthevaneleading
edgesreducedstatic--pressurelossesconsiderablyamlbroughtabout
slightimprovementsintotal-pressurepatterns.

INTRODUCTION

Turbo~etinletscreens,whichkve beenfoundusefulinkeeping
foreignparticlesfrcmenteringcompressorunits,createdisturbances
intheinletflowandthusaffectadverselytheperformanceofthe
turbojetpropulsionunit.Inordertodesigna mry satisfactory
inletscreen, itisnecessarytoevaluatetheaerodynamicproperties
ofthescreen andtheeffectofthescreen on theinletflow.An
investigationhasconsequentlybeenmadeattheLangleyinduction
aerodynamicslaboratorytoobtainthestatic=pressureloseesacross
aninletscreen andthetotal-presstiedistributionsupstreamand
downstreamofthescreen.Thescreentestedwasdesignedtoprevent
particlesofs~l~inchdiameterorgreaterfrcmenteringa turbojet
compressor.Theinvestigationwasconductedfortherangeofair
flowthroughwhiohtho~it,isdesigned.tooperate.Testsweremde
oftwoscr8en
androughand

configurations:onewiththevaneleading”edges
theathqrwiththevaneleadin&edgesrounded.
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totalpressure,poundspersquarefoot

staticpreseurejpoundspersquarefoot

measuredbarometricpressure

staticpressuredropthroughscreenjpoundspersquare foot

dynamicpressureupstreamofscreen, poundspersquarefoot

airflow3poundspersecond

densityofairupstreamofscreen).dugs per cubicfoot

standardsea-leveldensity>0.002378slugpercubicfoot

dengityratio (P/Po)

Machnumber
,,

temperature>%“abSolute

Subscripts:
. .

i incompressibleflow

1 conditionsatstation1

‘2 conditionsatstation2

3 conditionsatstation3

4 conditionsatstatton4

“‘ Surveycircumferentialpositionsmeasuredclockwisefrqmtopcenter,,.
ofductlnglookingdownstreamareIdentifiedbyfollowingsubscripts:. . ,, ,,
a surveyatcircumferentialpositionof0°,}.

.:.:. b,: “surveyatcircumferentialpositionof180° “
.,..

c, surveyatcircumferential.positionofgOO

.

.

.

.

& surveyatcircumferentialpositionof2700



DESCRIPTIONOFAPJ?AR4TUS

Turbe~et.InletScreen .”

.’

Tlwturbojetinletsm?e~,whiobisshowninfigure1,isan
allmetalscreendesignedforinstallationintheannularturbojet

‘“intakeopening.Thescreenisconstructed.of31gircularvanes
roughlythirty-thousandthsofan,inchinthickness“ariaaboutfiv+e-
sixteenthsofaninchindepth,inthedtiectl~tifflow.These vanee
are supportedbetweenbgundarystripsby12.radiklstlnits.’The
&trutsareV-shapedintheplaneoftl,cwsgivingthe,assembledscreen

..a.staggeredordoubl~onicalformwith.tbevaneattheape”xof We
cone’upstreamandforminga cirolewhich’bisectstheannularspace.
Detalkotthescreenconstwucticmares4~ infigure2. The
screenasreceivedwiththeleadi~edgesofthevanebsqf.zareand
roughis designatedconfiguratiwzS, T-heleadi~-edges“ofthevanes
were roundedby&nd aftertheresults were obtainedfrc?athe”investi-
galiioaofconfigurationI and~aftertheleadingedgeswererounded,
thescreenwasdesignated.ccnflguratiion11.

Becauseacmescreen~anes.areeasilybentinshippingand
handling,slightvariationsindownstreamflowpatternsmayexist,

,,
,. ScreenAssemblyandOtherApparatus--..

Thescreenwasmountedincircularducthgof,21-inchinternal
diameter.Theoutercircumferenceofthesoreenwa6”helQ”bya w~oden
adkipterringandtlaeinnerscreenboundarycor$@:neatawoodenmock-up
ofa jet-unitstarter+notcrhousing.Thehcusing’andtheductwall
formedan annularmeasuringsectionwhichextendedasa straight
annulusthroughallmeasuringstations.Downstreamofthelaststation
a taperedafterbcdyexpandedthe,annulustoduetareaagain.A
photographofthescreen,motorhousing$‘afterbody,anda:tipkerruing
assemblyisshowninfigure1>a@ a photographof,,the.ductexterior
isshownIn figure.3. Powerwassuppliedbya centrifugalblowerto
induceairfromthetestroomthroughlargebeliinletsintocylindrical
duoting. Thedtictingcarried.theairtlyoughthemeasuringsection
annul,u6havinganareaof2.M?3squarefeetandfinally’.difi?psedit ..
forentranceintothebloweriqlet.A diagramofthe3+ationand
detailsofthemeasuringstationsisgiveninfigurek’;
: .. ... ..7.., r..,.. ..- .-

Instrumi&ition. ,.
All pressureswere&dicatedona m@.tiple-tubevertical””

mancine$erboardconneotedtopressure~ub~gin.the ,measuringsection,
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Provisionsweremadeforpressuresurveysatallstationsinthe
measuringamulus,;.A..total&presstie“tubewaslocatedexactlyin
thecenterofthemotor-housingnose.Static-pressureorifices
andsurveyopeningsworelocated asshowninthp,cross.sectionsof

.theductinfigure5. A shieldedthermocouple$rktal~edat station1. ... . ‘gavesta~tio;temp8ratz,mereadi~s. ‘ “
,, >.”“...’.ti’

Preliminarypressud$.’burveysindicateduniformstatic-pressure
distributionsacrosstheannulusbothupstreamand@wnstreamof
thescr.Oeri.Asa resultof-thisinformationsta’ti’oorifi,coswere
‘usedforstatic-pressuredeterminations’intheactualinve~tigations.
Total-pressuredistributionsdownstreamofthescreenwerenchvery
uniform>however>andsurveyswere.usedfortotal-pressuredetcrminS-
tiotiinpreference$0fi,xtidmultiPle-tuberakes.A PbotG~Phofone
ofthemicrometersurveytubeslashowninfigure6. Themicrometer

,.,feed,on”thissurveytubepetiikepositioningofth:,,t+bewithin. on’e+houkand$hofaninchalongthesurveyradius. , ,,,. ,. .. ..’

ME!2EODS0FP3@WMINGTESTS
,.. .,,.

.,, Flowcalibration

Theapproachsectionwascalibratedasa nozzleforflow
measurementsbyuseofaveragereadingsofthewallstattcpressures
atstatiqn3 andthptobal-pressurereadingsofthereference
tube”afs.tktion2. (Seefig.k.} A calibrationcurveis~htifor
this”nozilein?~g~e7..Forconvenience,a curveof.Machnumbers
atstatj.on3.plott@,ragainstcorrectedweight?low.isalsogivenin
figure7. ... .,...,-. . ‘..,....

\ ;{:.. ,,.. ,.,.
,. TotabPressuz+eSurveys -‘; ‘ “...... ..’
‘,.Toka,l-pre~qe.surveys,weremadeat;stations3 and4. Surveys

atstationb,.weremadpelongfotiradiikpaced~lOOcircumf8rentially.
‘“The’topofthedyctingws takenasO“”;andan@~sweremeas~ed
clockwiselooking:..$.ow@tream..Survey&were-notmadd.dfi~ctlydown-
streamofscreea struts; Attempt&weremadetomakaallsurveyradii

*bisectth~{,arigle~etwe~~.screenstrutsW3”Ch)6e~ abpossible.

Total-pressuresurveyoatstation3 indicateduniformpressure
distributionupstreamof,thc?cscr.een.Surveysatstation4 wem made
alongtworadiisimultaneously.Thetubeswerethenqotatedto
positiong$)0°removedfromthe’firstonesahdthe.s~veyswererun
inthe.~wpositions.As@ resultofthis”ar~angementslightly
differenta“irflowsandbarometricpressureswere occasionally
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encounteredateachsetofpositionssincesurveysrequired
appreciabletime.Thebarometric pressureandweightflowhave
beenshownor listedforeachsurveyprof:le.Onthemanometer
boardallsurveyswerereferencedtothepressurefromthetube
inthenoseofthemotorhousing.Pressurereadihgsweretaken
relativetothenosepressureasa datum.Ccmpar5.smofthe .;
reference-tubereadin&withtheread-s Oftheman~etertubes
ventedtotheatmosphereshowedthemtobe equal.

Static-PreseureLosses

Pressurelosseswerefound’bymeasuri~ thestatic-pressure‘
changesacrossthescreen.Pressuresweretakenfromindividual
tubesleadingtostaticorificesof.statiov“j>‘+3and5* Differences
werefoundbyccm~ri+individualtubereadingswiththereference
tubereadingsandwitheachother.; .“

,.
Calculation&onpressprelossesin@noothductingindicate

thatthemagnitudeofthepressurelossescausedbytheduct
betweenstations~ and4 Issmallertlzifi,the”accuracyofmeasure-
mentsinthisinvestigation.Thisresultissubstantiatedbythe
factthatnomeasurablelossisindica~edbetweenstations4 and5>
whicharelocatedinductingehuilart,bthatbe+=eenstatione3 .
and4. ItisReasonabletoemsumeJtherefore,thatallpressure
lossesmeasuredarechargeabletothescreen.

ConfigurationIIwastestedforstat~c-presmrelossesinthe
seinemannerasconfigurationX. Total-pressuresurveyswerealso
takenatthego”positionforcanparisonwiththoseof’configura.tlonI.. .

per
per
per

Thescreenwastestedfor,about30hoursatflcwsabove70poun3s
second;forabout30hoursatflowsofapproximately60pounds
second; andforabout20houreatflowsofapproximately30pounds
secondwtthoutstructuralfailyre.

RESULTSANDDISCUSSION‘ ..
,,

Static-Pressure-LossCoefficient ‘
,’

Therelationofstatic-pressure-losscoefficientAp/qitO
weightflowW iSshownforbothconfig~ationsinfigure8. This
coefficientwaschosen.inpreferencetotheonebasedon108sof
totalpressurebecauseofthegreaterconvenienceandaccuracywith
whichitcouldbedete??miried.Thisusageis conservativeindesign
workbecausethe static-pressure-dropcoefficientisalwaysequalto

..,
:..,.’
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total-pressure-dropcoefficient.Thedifference
willbegreatestatmaximumairflowsandhas

beenfoundbycalculationt~beoftheorderof20’percentintests
of’configurationIIatanairflowof70poundspersecond.

ThecoefficientAp/qiforconfigurationI isfairlyconstant
ata valueof0.15uptoweightflow of33poundspersecond.For
weight-flowratesabovethisvalue thecoefficientrisesuntil.at
a flowof60poundsperseconda coefficientof0.183is indicated,
Themaximumvalueforconfigurationinthisinvestigationwas,O.3~5
ata flowof82.5poundsper second: Theresultsforconfi@wationH
indicatethatroundingtheLeadingedgesofthescreenvanesreduced
thepressure-losscoefficientsforallflows.Fortherounded-vane
configurationa constant-valueof0;105wasindicatedfora flow up
toabout45poundspersecond;thebreakofthecurveforconfi.gu-
raticmIIOCCU.Sata highervalueofwe%htflawthanthebreakof
thecurveforconfigurationI. ForconfigurationIIatanairflow
of60poundsperseconclthe.static-pressure-losscoefficientis0.123
andreachesa maximumof0.325forthisinvestigationatan.alrflow
of“85.5~oundspersecond.Theseresultssuggestthatcareful”
roundingandsmoothingofallvanesaswellasbftheleadingedges
ofstrutsbeforeassemblyandremovalofallirre’gulhritiestifter
assemblyshouldraducethelosse,sevenmore.

Corrected Static-PressureLoss

Absolutestatic-pressurelossescorrectedtostandardconditions
areshowninfigure9. Theeffectofroundingthevaneshasbeento
decreasethelossesasisshownbythecurvesin the”’figure.Ata
weightflowof60poundspersecondJwhichisayproximatalydesignflows
configurationS showsa lossof30’poundspersq,uare”footccmpared
witha lossof20poundspersquarefootforconfiguration11. In
short>ataboutdesignflow,roundingthevaneleadingedgeshas
reduced lossesbyone-third,Thecurvesrisesharplyasairflows
areincreaseduntilconfiguraticmI showsa 10SSof95poundsPer
squaref’ootata flowof82poundspersecondandconfigurationII
showsa lossof106”poundspersquarefootata flowof85.5pounds
persecond.

Total-PressureDistributions
.

Figure10showsthetotal-pressuredistributionsupstreamof ‘
thescreenata weightflowof.28.24poundspersecond,Figuresu
and1.2showtheupstreamdistributionsatflowsof56.81end
82.15poundspersecondjrespectively.Thesepatternsarevery
uniformandconsistentovertherangeofproposedairflows.Only

.1
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ata flow of 82.15poundsper second,whichis abovedesignflow,
doesanyloss in total pressurebeccuneapparent. At&.1~ pCUndS
per secondthelossisonlyabout0.1percentofthetotalpressure
available.Thebarometricpressureisshownoneachsheet.

Thetotal-pressuredistributionsdownstreamofthescreenare
showninfigures13and14. Distributionsareshownforfour
circumferentialpositionsforconfigurationI andfor onecircumferential
positionforconfigurationII. Weightflowsandbarometricpressure
linesareindicatedoneachgraph,Bothradialandcirm.inferential
variationsarepresent.Circumferentialvariationsseemedgreatest
inanannularbandslightlysmallerindiameterthanthecenterof ..
theannularspacebetweenthemotorhousingandtheductwall.The
maximumcircumferentialvariationatdesignconditionsisshownin
figures13(c)and13(d)atapproximately60poundspersecondair
flowtobeapproximately1.35percentofthetotalavailablepressure.
Maximumradialvariationata flowof&lpoundspersecondisapproxi-
mately1.5 percentof the tdtal upstreampressure. Thesefigures are
for confi~ationI. IngeneralJthevariationsincreaseinmagnitude
withincreasingairflow.

-
Configuration11fartheairf~cwsandpositionstestedshowed

—

thesamegeneralpatternsmodifiedslightlybytheroundedvanes.
. Figure14showsthetotal-pressurepatternsatthe~“ positionfbr

twoairflowsforconfigurationII.

CONCLUSIONS

An investigationmadetodetemninethestatic-pressurelosses
andthetotal-pressurecharacteristicsofa turbo~etinletscreen
indfcatesthat,exceptatverylowflowrates:static-pressurelosses
increaseandtotal-pressurevariationsbeccmemorepronouncedwith
increasingweightflow.Smoothingandroundingtheleadingedgesof
thescreenvanescausedmarkeddecreasesinstatic-pressu~eloss
coefficientsendslip~tlyimprovedtotal-pressurepatterns.

L~@ey MemorialAero&uticalLahra*ory
NationalMvisory C!mmitteeforAerone.uttcs

Ler@eyField,Vs.,June24,1947

.



I

, , , .
1

FSgure l.- Turbojetinletscreensndstarter’-motorhousing.

H
z
gl
.

%
lf”



NACATN No. 1418 Fig. 2
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(a) Viewof screen showingstrut
detailandvanelocation.

(b) Typicalvanecross section
of configurationI.

.
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(c) Vanecross sectionof
configurationIL
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COMMITTEEFORAERONAUTICS

Figure2.- D&ails of screenstrutsandvanes.
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Figure3,-Generalviewofductingandapparatus.
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(b)Detail.locationofmeasuringstations.

Figure4.- Messuring-st.ationlocationsnddetails.
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Figure5.- Sectionsthroughall stationsshowinginstrumentation.
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Figure 8.- Statio-pressure-loaa ooeffiolent plotted against weight flow.
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Figure 1o.- Totalpressureupstresmofscreen(station3). Weightflow,28.24
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Figure11,-Totelpressureupstreamof screen (station 3). Weightflow,56.81
poundsperSecomi.

. m



-. .-

* .

204( I I 1 I I I

o / 2 3 4 5 6 7
Tube pifliw, in,

NATIOM1. ADVISORY

uMwtm m ~lcs
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(a) Cimumferentie.1 position, (IOsnd 1800;weightflow,29.67poundspersecond.

FY.gure13.-Tot.alpressuredownstreamofscreen(station4).ConfigurationL
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(1)Circumferentialposition,90°and27@;weightflow,29.74poundspersecond.

Figure13.- Continued.
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(c) CircummrentsalPositio%@ml 1800; weightflow, 59.S5poundsper secmi.

F@re 1%- Continued.
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(d) CYrcumferentislpmsitioq 900snd 2700;weightflow, 60.46poundsper secomi.
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(e) Circumferentlsl position, 90° smd27@; weightflow, 89.63poundsper second.
(Notethstvertical scale chsngesfrom thstonpreviousflgnres.)
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Figure 19.- concluded.



(a)Circumferentialposition,9CP;weightflow,28.26pmnds per s8cond.

F&llre14.-Totalpressuredownstreamofscreen(station4),Con@rationII.
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ifde posifhfl, /h.

(b) Clrcumferentisl position, 900; weightflow, 56,26 pounds per second.

IWgure14.- Conchlded.


